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reason why such a bureau should not, before long,
be erected into an independent department, sec-
ond in its influence and importance to none other.
Let us have a Secretary of Public Health, as well
as a Secretary of War. The achievement of this
great national undertaking, as of every other
great and good work among men, can only be
effected by time and patience, by rational inquiry,
and enlightened perseverance. Until this is ac-
complished, each state must form a plan for the
gathering of its own vital statistics, suited to its
own circumstances, and must use for this pur-
pose the means it may possess, and the machinery
already in operation."
State OfFice Building, McAllister and Larkin streets.

ALCOHOL TOLERANCE: ITS IMPORTANCE IN
RELATION TO CHEMICAL TESTS FOR

DRUNKENNESS *
By HENRY W. NEWMAN, M. D.

San Francisco

THERE are few subjects of medical research
more difficult to approach without prejudice

than the problem of alcohol. That the excessive use
of alcohol beverages is harmful, both physically
and mentally, is undisputed. Among intelligent
individuals, at least, the controversy is concerned
with what constitutes "excessive" drinking. In our
present civilization other factors than the toxic
action of the drug on the human organism must be
considered, particularly when the drinker is in con-
trol of a potentially lethal mechanism such as the
modern automobile. It is this aspect of the alcohol
problem that is dealt with in this paper.

In the past ten or fifteen years increasing stress
has been laid on the chemical diagnosis of drunken-
ness, notably when suspicion of such exists in traffic
accidents. In order to appreciate just what infor-
mation can be obtained from such tests, and how
much weight may be placed upon them as evidence
in such cases, it is helpful to review certain aspects
of our knowledge of the metabolism of alcohol, and
its effect on the nervous system.

ALCOHOL ABSORPTION

Alcohol is rapidly absorbed from the gastro-
intestinal tract. It is one of the relatively few sub-
stances absorbed directly from the stomach, but by
far the greatest absorption takes place in the upper
portion of the small intestine. The presence of food
in the stomach, particularly protein, retards ab-
sorption. High concentrations of alcohol are more
slowlv absorbed than are more dilute beverages.1
Thus, we should expect a higher blood-alcohol con-
centration in a subject drinking a given amount of
alcohol, as a 10 per cent solution on an empty
stomach, than would be achieved by the same sub-
ject drinking an equal quantity of alcohol, as
straight whisky after a heavy dinner. From this
we see that the amount of alcohol imbibed is not
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in itself a good indication of the degree of intoxi-
cation.

ABSORPTION RATE

After absorption, about 95 per cent of the alcohol
is metabolized in the body, being burned ultimately
to carbon dioxid and water. It thus can serve as
a source of energy for the bodily requirements,
and is capable of supplying a considerable percent-
age of the basal metabolic requirements. Approxi-
mately 5 per cent is excreted, about equal amounts
being eliminated in the urine and the expired air.
The remarkable thing about the metabolism of
alcohol is that it proceeds at a practically constant
rate, irrespective of the amount in the body.2 That
is, the same length of time is required to burn an
ounce of alcohol in the body whether one ounce
or ten ounces have been absorbed; so that if we
plot a curve of blood-alcohol concentration after a
single dose of alcohol against time, it has the form
of a straight line. This is important, for it means
that from one blood-alcohol determination taken
some time after an accident the blood-alcohol con-
centration at the time of the accident may be ap-
proximated. There is no good explanation why
alcohol should behave in this manner. It is well
established, however, that at least the first of the
chain of events in the combustion of alcohol takes
place in the liver, as has been shown by Lunds-
gaard3 in perfusion of isolated organs. He found
that no alcohol disappeared from the perfusion
fluid when muscle, such as a hind-limb prepara-
tion, was perfused, but that when liver was per-
fused the disappearance of alcohol was at a rate
somewhat over half that which would be expected
in the intact animal, a percentage about what would
be expected because of the lessened metabolic ac-
tivity of the liver under the artificial conditions
prevailing in any perfusion set-up. The amount of
oxygen consumed was not enough, however, to
completely oxidize the alcohol, from which he con-
cluded that the intermediary products of alcohol
metabolism probably are further oxidized else-
where. We have been able to confirm this work.

There are very few ways in which this constant
rate of alcohol metabolism may be influenced.
Muscular activity, the temperature of the external
environment, metabolic stimulants, such as thyroid
extract or dinitrophenol, all are without effect.
Nor are diuretics or respiratory stimulants effec-
tive in removing an appreciable amount of alcohol
from the body. Ingested protein or amino-acids do
increase the rate of alcohol metabolism by a small
amount, and large doses of insulin are capable of
causing an increase of over 40 per cent.4 Apart
from these agents, the disappearance of alcohol
from the body proceeds at a constant rate, which
varies but little from individual to individual of
the same species.

CHEMICAL TESTS OF DRUNKENNESS

The chemical tests of drunkenness consist es-
sentially of the determination of the alcoholic con-
tent of some body fluid, or of the expired air, and
the computation from this figure of the concen-
tration of alcohol in the body. Since there is a
practically fixed relationship between the concen-
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trations in the various fluids and tissues of the
body, as well as in the breath, this is a perfectly
valid procedure, and the soturce of the material for
the tests may be chosen solely on the grounds of
convenience and freedom from chance contami-
nation. Breath and urine immediately recommend
themselves on the basis of availability, and can be
collecte(I with a minimum of cooperation on the
part of the subject. It has been ruled that breath
and urine may be obtained without the consent of
the subject, and not be considered as making lhim
testify against himself, miiuch as fingerprints nmay
be used as evidence. This is not true of blood or
spinal fluid, which cannot be abstracted without the
subject's consent. Because of this disadvantage,
as well as the necessitv of a trained person for
obtaining the specimens, blood and spinal fluid are
Inot practical sources of material for routine alcohol
determinations. Breatlh has the disadvantage of
variation in alcohol content with the depth of respi-
ration, andl possible chance contamination from
belclling or the presence of recently imbibed alcohol
in the moutlh. The latter factor also is to be con-
sidered when saliva is used as the source of mate-
rial for analysis. Thus, it is safe to say that urine
is the best material, and breath next in line. The
actual analysis is quite simple, and can be per-
formed by any reasonably well-trained technician.
Most of the methods depend on the distillation of
the alcohol into an oxidizing solution, with the sub-
sequent determination, by titration or colorimetry,
of the amiiount of the oxidant used up, and from
this the amiiount of alcohol in the specimen. Thus,
it is relatively simple and accurate to deternmine the
amount of alcohol in the urine or breath, and from
this to calculate the amount present in the blood,
not only at the time of securing the specimiien, but
at the timiie of the accident, assuming no alcohol
has been taken in the interval. Interfering sub-
stances are few. Acetone will react as alcohol in
the test, but should not be difficult to rule out
chenmically or clinicallv, as it is true of ether.

INTOXICATION FRO-M TIIE LEGAL STANDPOINT

\Ve have seen that it is not a difficult miiatter to
(letermiiine the concentratioin of alcohol in a sub-
ject's blood, and consequentlyr in his braini. How-
ever, in orcler to apply this as evidence of a definite
degree of alcoholic intoxication, we must make the
assuml)tion that every indi-idual with the samne
blood-alcolhol concentratioin will show the samiie de-
gree of drunkelnness. Proof of this thesis has been
attempted on a large scale, blood-alcohol concen-
trations being comparedI with the appraisal of the

tn
z

z
LU

z

.

U-

0 3
LU

LU

2
LU

a

BLOOD ALCOHOL MOM. PER 100 CC.

Fig. 1.-Degree of drunkenness in habittuated and non-
habituated dogs at various levels of blood alcohol. The
shaded areas indicate the range, and the lines the average
for each group.

degree of drunkenness on the basis of various tests
of performance and by clinical observatioin. It is
true that, considered statistically, there is a higlh
degree of correlation between the two mietliods;
but if we are to give chemical evidence of intoxi-
cation by itself a legal standing, it must correlate
not only statistically, but invariably. The question
actually boils down to this: is there enough indi-
vidual variation in tolerance to alcohol, whether-
inherent in the individual or acquired through
lhabituation to the drug, to make invalid the evi-
dence obtained from chemical tests? To answer

this question wve must know the nature and extent
of tolerance to alcohol.

AUTHOR S STUDIES

It is with this problem that we hlave been working
for the past four years.6 9 As it is harcly practi-

cable to test the tolerance of lhumiian subjects to
alcohol before and after habituation, we clhose dogs
as our subjects. Accepting as an hypothesis that
acquired tolerance did occur, we set out to deter-
mine the mechanisml which miglht briing it about.
A series of dogs was given a test dose of alcohol-
first gastrically, and after an interval of a few days
intravenously-to control the factor of absorption,
and the blood-alcohol concentration folloxwed at
frequent intervals until it fell to zero. WN e tlhus
lhad controls on the blood-alcohol concetntration
following both oral and intravenous admiini,stratiol
of alcohol. A period of thirteen montlhs wvas theni
allowed to lapse, during which time the animlials
lhad as their only, supply of fluid a 10 I)per cent so-

ltltion of alcohol. Thev drank, on an av-erage, about
seven cubic centimeters of alcohol pelr kilogram
bodv weight per day, wlhich would be the equiva-
lent of a quart of wliskv daily for a miian of aver-

age weight. At the enid of this timiie the test dose
of alcolhol was repeated, and the curves of blood-
alcolhol concentration founld to coinicide verv wN-ell
with those obtained before habituation. Fromii this
data we must conclude that anv tolerance dev eloped
by the dogs was not due to either decreased ab-
sorption or increasedl rate of metabolism of alcohol.

TABLE 1..-Arbitrary Scale of Degrees of Drutntkenness
ill Dogs

1. Slight ataxia on climbing stairs.
2. Gross ataxia on climbing stairs.
3. Slight ataxia on level; cannot climb stairs.
4. Walks briskly, but grossly ataxic.
5. Stands and walks one or two steps.
6. Makes voluntary movemiients, but cannot stand.
7. No voluntary movements, but lowers head slowly

to floor when it is raised.
8. Allows head to flop on floor when it is raised.
9. Corneal reflex absent.

10 VOl. 52, NO. I
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XVe then decided to deternmine if toleralnce actu-
allv dli(l develop witlh lhabituation. To tlhis end, we
took a fresh group of animals and subjected them
to the test dose of alcohol, and followed not only
tlheir blood-alcohol concentration, but also their
neuiromiiuscular behavior during the period of in-
toxication. This we judged in nine degrees, purely
arbitrary, as shown in Table 1. As can be seen
from Figure 1, there was a certain divergence in
the behavior of the individual dogs at the same
blood-alcohol levels, indicating some degree of
difference in inlherent tolerance to alcolhol. The
period of habituation was then begun. It had previ-
ously been noted that the animals, when given free
access to the alcohol solution all during the twenty-
four hours, soon learned to drink only a little at a
tiime, and so never became very drunk. This we
remiiedied by placing the alcohol solution in the
cages for only a short period twice daily, with the
result that tlhe dogs became very drunk twice a
day, wlhile imbibing almost the same daily dose as
the previous group. At the end of ninety-seven
days they were subjected to the same procedure
after the test dose as before. The rate of alcohol
nmetabolism did Inot show a significant variation
from that shown before habituation, but the de-
gree of drunkenness at a given blood-alcohol level
showed a consistent and marked decrease after
habituation, as can be seen in Figure 1, in which
the heavy line indicates the average degree of
drunklenness of the five dogs at the various levels
of blood-alcolhol, and the shaded area the extent
of variation anmong the different dogs. The lack of
overlap of the shaded areas for the abstinent and
lhabituated aninmals indicates a clear-cut acquired
tolerance of all anim-ials. That this tolerance is not
permiianenet was demonstrated by its loss after a
perio(l of abstinence of seven montlhs' duration.
Thus, we demonstrated that not only do dogs show
a variation in tolerance to alcohol trom-l individual
to individual, but that this tolerance can be in-
crease(l by habituationi, and again decreases after
abstinenice. If we can be allowed the privilege of
applying these results with dogs to the same prob-
lem in man, it is at once apparent that the same
blood-alcohol concentration need not indicate the
same degree of intoxication in one individual as
in another, or even in the same individual slhould
lhe clhange his drinking habits.
The imiiportance of these findings in the evalu-

ation of chemnical tests for drunkenness is obvi-
oUs, and makes suclh, standing alone and without
conifirm-lation by clinical observation or perform-
ance tests, definitelv inlconclusive. That the chemi-
cal (liagnosis of drunkenness is, however, a valu-
able adjunict to the other tests is equally true.
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ALCOHOLISM: ITS PSYCHIATRIC
TREATMENT *

BY J. L. HENDERSON, M. D.
Conilptonl

ALCOHOL is used by almost all races. EveryA cultural group has its drink or drinks, the es-
sential ingredient of which is alcohol. History indi-
cates this is also true of the past. The intoxication
produced, therefore, must be universally pleasing
to the drinker. In general, mild intoxication is
socially acceptable. It lessens the critical faculties.
Speech flows more freely. Self-assertion comes
into the foreground. The world becomes more
mellow, companions more jovial-a pleasant let-
down after the tension and strain of the day. But
if the intoxication deepens, the veneer of civiliza-
tion becomes thinner, and the primitive forces in
the personality begin to appear. The drinker then
may become obnoxious, except possibly to others
likewise inebriated. To certain persons alcoholic
intoxication, instead of a pleasant interlude in an
otherwise exacting existence, becomes a narcotic
necessary to make such existence tolerable. Such
dependence upon drinking results in alcoholism,
and constitutes the problem with which we are
concerned. The extent of this problem varies in
different countries, but seems to be more wide-
spread where the cultural requirements are exact-
ing. Thus, it would seem to be an effect of the
progress of civilization, dependent upon the in-
ability of certain persons to meet its requirements.
MIost alcoholics fear their incapacity to meet the
essential conditions expected of themii, with second-
arv rebellion against such conditions and against
the persons who demand compliance.

RECENT INCREASE OF ALCOHOLISM

As an indication of the recent increase of alco-
holismii, the statistics of one life insurance company
indicate that, in 1932, 11.9 persons of every one
lhundred applying for life insurance were rejected
because of "heavy alcoholic indulgence." In 1936
this figure had increased to 33.7 of every one hun-
dred such persons, an increase of 183 per cent in
four years. The Department of Psychiatry of
Bellevue Hospital, New York Citv, treats one
tlhousand alcoholic patients a montlh; and the di-
rector. Dr. Karl Bowman. points out that tempo-
rary treatmient by fines and jail sentences does not
cure this condition. It is impossible to estimate the
enormous economiiic loss involved. But more im-
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